
Abstract—We present here the design, development and test of 
an integrated sub-millimeter front-end featuring a 520-600 GHz 
sub-harmonic mixer and a 260-300 GHz frequency tripler in a 
single cavity. Both devices used GaAs MMIC membrane planar 
Schottky diode technology. The sub-harmonic mixer/tripler 
circuit has been tested using conventional machined as well as 
silicon micro-machined blocks.  Measurement results on the 
metal block give best DSB mixer noise temperature of 2360 K 
and conversion losses of 7.7 dB at 520 GHz. Preliminary results 
on the silicon micro-machined blocks give a DSB mixer noise 
temperature of 4860 K and conversion losses of 12.16 dB at 540 
GHz. The LO input power required to pump the integrated 
tripler/sub-harmonic mixer for both packages is between 30 and 
50 mW. 

I. INTRODUCTION  

UTURE planetary missions dedicated to the remote sensing 
of planets' atmospheres such as Venus, Mars, Jupiter, 

Saturn and Titan could benefit from the high spectral 
resolution and high sensitivity achieved by sub-millimeter 
wave heterodyne receivers featuring Schottky diode devices. 
For instance, the 520-600 GHz frequency range is rich in 
emission and absorption lines, especially the water line at 557 
GHz, whose detection and mapping is key to understand the 
atmospheric circulation of Mars and Jupiter [1]. 

For such long term planetary mission, the use of room 
temperature or passively cooled detectors are required since 
the mass and power budget of such missions is usually very 
constraining. It is also essential to integrate as much as 
possible the front-end elements in order to reduce size, mass 
and power consumption. First the integration of several 
devices functions such as mixing and multiplying can be 
performed. Second, the use of silicon instead of brass as 
packaging for devices can be implemented in order to further 
reduce the weights of the front-end. 

We present here the design, fabrication and test of a 
combined 520-600 GHz sub-harmonic mixer (SHM) together 
with an 260-300 GHz frequency tripler. Both devices use the 
GaAs and metal MMIC membrane technology developed at 
JPL. Two types of packaging have been implemented: a metal 
based and a silicon micro-machined based one. Both 
architectures are presented and performance will be compared. 

II. 520-600 GHZ SUB-HARMONIC MIXER / TRIPLER DESIGN 

Previous studies have shown that multiplier and mixer 
devices can be combined together in a very compact 
architecture if ones can manage the harmonic generation of the 
multiplier and the mixing products of the mixer right [2]. In 
this paper, we present a novel tripler-sub-harmonic mixer 
combination in a compact arrangement. It involves two MMIC 

devices separated by a short piece of waveguide, as illustrated 
in Fig.1. For a tripler-sub-harmonic mixer combination, it is 
believed that this arrangement is very suited since the 
electrical properties of a waveguide are used to filter the 
unwanted harmonics of the tripler (i.e. 1st and 2nd harmonics).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: 3D view of an integrated 260-300 GHz MMIC tripler and 520-600 GHz 
MMIC sub-harmonic mixer. 

 
The MMIC 260-300 GHz tripler device has already been 

described in [3]. The input matching circuit of the tripler was 
re-tuned from the original 260-340 GHz band to cover the 
bandwidth 260-310 GHz, resulting in a shorter waveguide 
matching network. The 520-600 GHz MMIC sub-harmonic 
mixer is scaled from [4] using the same balanced diodes 
architecture and design methodology. Both tripler and mixer 
devices were designed independently first and then coupled 
together to maximize their coupling through LO waveguide 
matching circuit. The intermediate LO waveguide between the 
tripler and mixer MMIC acts as a high-pass filter to reject the 
unwanted 2nd harmonic of the tripler, while being relatively 
short. The expected W-band input power required to pump the 
tripler and sub-harmonic mixer efficiently is estimated 
between 25 and 40 mW. The predicted DSB mixer conversion 
losses and noise temperature for both the silicon and metal 
milling blocks are shown in Fig.3 on the same graph as the 
metal block measurement results. 

The main difference in the design of the 560 GHz sub-
harmonic mixer and tripler combination for a split-waveguides 
structure compatible with conventional metal milling and the 3 
dimensional waveguide structure compatible with silicon 
micro-machining technique is that the tripler W-band input 
waveguide-to-microstrip transition is rotated by 90 degrees 
and the input matching circuit is retuned accordingly. 
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